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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a dielectric porcelain having a high 
relative dielectric constant even when the crystal grains are made fine and 
having good temp, characteristics of the relative dielectric constant. 
SOLUTION: The dielectric porcelain consists of perovskite type crystal 
grains 1 contg. at least Pb, Ni, Nb and Ti as metallic elements and having 
0.2-1.0 |im average grain diameter. Each of the perovskite type crystal 
grains 1 consists of a core part 2 and a shell part 3 enclosing the core part 
2 and more Ti exists in the shell part 3 than in the core part 2. Each of the 
core part 2 and the shell part 3 preferably comprises a solid soln. of Pb 
(Ni1/3Nb2/3)03 and PbTi03. 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1 ] Dielectric porcelain with which it is the dielectric porcelain which consists of a perovskite mold crystal grain 
child of 0.2-1 .0 micrometers of mean diameters which contain Pb, nickel, Nb, and Ti at least as a metallic element, and 
said perovskite mold crystal grain child consists of the core section and the shell section which encloses the perimeter, 
and is characterized by for the shell section having more Ti as said metallic element than the core section, and existing. 
[Claim 2] The core section and the shell section are Pb(nickell / 3 Nb 2/3) 03. PbTi03 Dielectric porcelain according to 
claim 1 characterized by consisting of the solid solution. 

[Claim 3] The core section is Pb(Mgl / 3 Nb 2/3) 03. Pb(nickell / 3 Nb 2/3) 03 The solid solution and the shell section 
are Pb(Mgl / 3 Nb 2/3) 03. Pb(nickell/3Nb 2/3) 03 PbTi03 Dielectric porcelain according to claim 1 characterized by 
consisting of the solid solution. 

[Claim 4] the empirical formula by the mole ratio of the whole porcelain - [(1-y) (1-x) Pb(nickell / 3 Nb 2/3) 03 and 
xPbTi03] and yPbTi03 ** — dielectric porcelain according to claim 1 or 2 characterized by for x being 0.10 to 0.16, 
and y being 0. 1 0-0.30 when expressed. 

[Claim 5] Dielectric porcelain according to claim 1 or 3 characterized by for a being 0.05 to 0.45, and b being 0.10-0.30 
when the empirical formula by the mole ratio of the whole porcelain is expressed as [(1-b) (1-a) Pb(Mgl / 3 Nb 2/3) 03 
and aPb(nickel 1 / 3 Nb 2/3) 03] and bPbTi03 . 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the dielectric porcelain with which the rate of a temperature change of 
a dielectric constant consists of a perovskite mold multiple oxide used for a small stacked type ceramic condenser etc. 
about dielectric porcelain. 
[0002] 

[Description of the Prior Art] Generally, it is necessary to satisfy the various demands with the dependency of the 
dielectric characteristics to direct current voltage for the temperature characteristic of specific inductive capacity to be 
good, and small [ dielectric loss is small, and ] to the dielectric materials used for a capacitor etc. not to mention high 
specific inductive capacity being required. 

[0003] On the other hand, the demand of the miniaturization of electronic parts, such as a capacitor, and large-capacity- 
izing has been increasing with the miniaturization of electronic equipment, and high-performance-izing in recent years. 
In order to meet such a demand, while raising electrostatic capacity by carrying out lamination of the dielectric layer in 
a stacked type ceramic condenser (MLC), it will be necessary to attain the miniaturization. In order to carry out 
lamination of the dielectric layer, it is necessary to make small particle size of the crystal grain child who constitutes a 
dielectric layer but, and with the well-known barium titanate (BaTi03) system ingredient which is dielectric materials, 
since specific inductive capacity will fall if particle size is made small, large capacity-ization is attained by increasing a 
number of layers. 

[0004] The barium titanate system ingredient which has the core shell structure in which the temperature characteristic 
added the zirconia etc. as good dielectric porcelain is known, and the good dielectric porcelain of the temperature 
characteristic in which the average grain size of a crystal is 1 micrometer or less, and less than **10% of small rate of a 
temperature change is shown in -25 degrees C - 85 degrees C according to the grain growth suppression effectiveness by 
the additive is produced. However, with these ingredients, specific inductive capacity is as small as about 3000, and 
specific inductive capacity falls further according to the atomization of the crystal grain child for lamination. 
[0005] On the other hand, since Pb(Mgl / 3 Nb 2/3) 03 (it may be hereafter indicated as PMN) which is the compound 
perovskite oxide which consists of two or more sorts of metals has the big specific inductive capacity which exceeds 
10000 at a room temperature, it is known that it is useful as a capacitor material. In the usual baking, this ingredient is 
an ingredient which becomes precise, when it calcinates at the temperature of 1000 degrees C or more, and it can 
produce an ingredient with high specific inductive capacity. 

[0006] As an ingredient with the small rate of a temperature change of specific inductive capacity using a perovskite 
multiple oxide Pb(Mgl / 3 Nb 2/3) 03-PbTi03-Pb(Mgl/2 Wl/2) 03 W03 Add superfluously or (JP,5-290625,A), By 
what (JP,5-238821,A) metallic compounds, such as Pb compound and Mg, are superfluously added for to the 
stoichiometric composition of a lead system conjugated compound, there was the approach of forming core shell 
structure. 
[0007] 

[Problem(s) to be Solved by the Invention] However, Pb(Mgl / 3 Nb 2/3) 03 System dielectric porcelain had the 
trouble that the temperature characteristic of specific inductive capacity was bad (it is several 10% in the range whose 
rate of a temperature change of specific inductive capacity is -25-85 degrees C). Furthermore, there was a problem that 
the temperature characteristic of specific inductive capacity worsened also by atomization of a crystal grain child 
although the decline in specific inductive capacity is small, for lamination. 

[0008] And although specific inductive capacity was high what the dielectric porcelain which made PbTi03 (it may be 
hereafter indicated as PT) dissolve to PMN was known in order to raise specific inductive capacity, and also produced 
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this ingredient by the usual baking approach, since PT was dissolving completely to PMN, there was a problem that the 
temperature characteristic of specific inductive capacity was bad. 

[0009] Moreover, although the approach of carrying out superfluous addition of the compounds, such as W, and 
forming core shell structure in a lead system perovskite type complex compound was reported by JP,5-290625,A or 
JP,5-238821,A in order to improve the temperature characteristic of specific inductive capacity, in order to obtain 
specific inductive capacity high in order for specific inductive capacity to fall in this case, particle size needed to be 
enlarged, and the lamination of a dielectric layer was difficult. 

[0010] The temperature characteristic of specific inductive capacity aims at offering good dielectric porcelain like the 
barium titanate which has core shell structure, without expecting the multilayer capacitor with the good temperature 
characteristic further to a miniaturization and large-capacity-izing, and for this reason, specific inductive capacity falling 
so much in recent years, even if specific inductive capacity is larger than the specific inductive capacity of the barium 
titanate which has core shell structure and it atomizes the crystal grain child of dielectric porcelain to 0.2-1 micrometer. 
[0011] 

[Means for Solving the Problem] The dielectric porcelain of this invention is dielectric porcelain which consists of a 
perovskite mold crystal grain child of 0.2-1.0 micrometers of mean diameters which contain Pb, nickel, Nb, and Ti at 
least as a metallic element, said perovskite mold crystal grain child consists of the core section and the shell section 
which encloses the perimeter, and the shell section has more Ti as said metallic element than the core section, and he 
exists. 

[0012] Here, the core section and the shell section are Pb(nickell / 3 Nb 2/3) 03. PbTi03 Consisting of the solid 
solution is desirable. Moreover, such dielectric porcelain is [(1-y) (1-x) Pb(nickell / 3 Nb 2/3) 03 and xPbTi03] and 
yPbTi03 about the empirical formula by the mole ratio of the whole porcelain. When expressed, it is desirable for x to 
be 0. 1 0 to 0. 1 6, and for y to be 0. 1 0-0.30. 

[0013] Moreover, the core section is Pb(Mgl / 3 Nb 2/3) 03. Pb(nickell / 3 Nb 2/3) 03 The solid solution and the shell 
section are Pb(Mgl / 3 Nb 2/3) 03. Pb(nickell / 3 Nb 2/3) 03 PbTi03 Consisting of the solid solution is desirable. Such 
dielectric porcelain is [(1-b) (1-a) Pb(Mgl / 3 Nb 2/3) 03 and aPb(nickell / 3 Nb 2/3) 03] and bPbTi03 about the 
empirical formula by the mole ratio of the whole porcelain. When expressed, it is desirable for a to be 0.05 to 0.45, and 
for b to be 0.10-0.30. Pb(nickell / 3 Nb 2/3) 03 It may be indicated as PNN. 
[0014] 

[Function] In the dielectric materials of the PMN-PT system by the conventional calcinating method, in order to raise a 
porcelain consistency generally, 1000 degrees C or more are required for burning temperature, and since grain growth of 
a perovskite mold crystal grain child is seen at the time of baking, a perovskite mold crystal grain child's mean particle 
diameter becomes larger than at least 1 micrometer. For this reason, dielectric porcelain thickness was difficult for 
lamination 5 micrometers or less. 

[0015] With the dielectric porcelain of this invention, a perovskite mold crystal grain child's diameter of average crystal 
grain can be made small with 0.2-1 .0 micrometers, and thereby, when lamination of the dielectric porcelain can be 
carried out to the thickness of 5 micrometers or less and a multilayer capacitor is produced, while being able to improve 
electrostatic capacity, a miniaturization becomes possible. 

[0016] Moreover, although a perovskite mold crystal grain child's mean particle diameter is as small as 0.2-1.0 
micrometers, since the porcelain consistency is high, decline in the apparent specific inductive capacity by pore etc. is 
suppressed, the property of the ingredient itself is acquired, and specific inductive capacity becomes comparatively 
high. Moreover, although the rate that the surface area to the volume occupies when grain size becomes small becomes 
large, and specific inductive capacity becomes small somewhat when stress acts, the rate of a temperature change of 
specific inductive capacity becomes small, and the temperature characteristic of specific inductive capacity becomes 
good. 

[0017] And a perovskite mold crystal grain child consists of the core section and the shell section which encloses the 
perimeter with the dielectric porcelain of this invention. In order to form the core shell structure to which Ti as a 
metallic element existed more mostly [ the shell section ] than the core section, and PT dissolved imperfectly to the 
PNN-PT particle, and the core shell structure in which PT dissolved imperfectly at the PMN-PNN particle, That on top 
of which the curve of the temperature characteristic of specific inductive capacity laid the curve by two kinds of PNN- 
PT from which PT concentration differs, The temperature characteristic of specific inductive capacity can improve by 
leaps and bounds from PMN-PT by the conventional calcinating method conjointly with the above-mentioned 
atomization, becoming what piled up the curve by PMNrPNN, and the curve of PMN-PNN-PT, and maintaining high 
specific inductive capacity. 
[0018] 
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[Embodiment of the Invention] The dielectric porcelain of this invention is dielectric porcelain which consists of a 
perovskite mold crystal grain child of 0.2-1 .0 micrometers of mean diameters which contain Pb, nickel, Nb, and Ti at 
least as a metallic element, as shown in drawin g 1 (a), it consists of the shell section 3 in which the perovskite mold 
crystal grain child 1 surrounds the core section 2 and its perimeter, and Ti as a metallic element exists more mostly [ the 
shell section ] than the core section. In addition, drawing 1 (a) is the mimetic diagram of porcelain, and drawing 1 (b) is 
the mimetic diagram of the perovskite mold crystal grain child 1 of drawing 1 (a). 

[0019] As one gestalt of gestalt 1 dielectric porcelain, they are [(1-y) (1-x) Pb(nickell / 3 Nb 2/3) 03 and xPbTi03] and 
yPbTi03 about the empirical formula according [ the presentation of the whole porcelain ] to the mole ratio of the 
whole porcelain for example. When expressed, x has 0.10 to 0.16, and the thing of 0.10-0.30 has y. 
[0020] A perovskite mold crystal grain child needs to have the so-called core shell structure, and the dielectric porcelain 
of this gestalt needs to have further the core shell structure in which PT dissolved imperfectly in PNN-PT which 
dissolved completely. That is, PT concentration in the shell section 3 is higher than the core section 2. The dissolution 
conditions of PNN-PT and PT in the shell section 3 differ for every particle in many cases. 

[0021 ] With the dielectric porcelain of this gestalt, the core section 2 and the shell section 3 may mainly consist of the 
solid solution of PNN and PT, and other elements may carry out minute amount dissolution. A metallic element Ti 
exists in the shell section 3 densely as compared with the core section 2. 

[0022] With the dielectric porcelain of this invention, the particle PNN and PT carried out [ the particle ] full dissolution 
may exist. Especially the particle that carried out full dissolution has many cases of a particle. 
[0023] As for especially the dielectric porcelain of this invention, for a mechanical strength and the improvement in 
dependability, it is desirable for relative density to be 97% or more 95% or more. 

[0024] Moreover, for the dielectric porcelain of this invention, when the empirical formula by the mole ratio of the 
whole porcelain is expressed as [(1-y) (1-x) Pb(nickell / 3 Nb 2/3) 03 and xPbTi03] and yPbTi03, x is 0.10 to 0.16, 
and y. It is desirable that it is 0.10-0.30. When there is less x than 0.10, the peak of the temperature characteristic curve 
by the configuration phase of the core section moves this to a low temperature side too much. It is for moving to an 
elevated-temperature side too much, when there is more x than 0.16. Moreover, it is for the peak of the temperature 
characteristic curve according [ y ] to the configuration phase of the shell section to move to a low temperature side too 
much, in being fewer than 0.10, and for y to move to an elevated-temperature side too much, in [ than 0.30 ] more, and, 
in any case, the improvement effectiveness of the temperature characteristic of specific inductive capacity is because it 
is small. 

[0025] PT powder whose mean particle diameter is 0.1-0.3 micrometers in order to manufacture the dielectric porcelain 
of this invention, The PNN powder or PbO powder whose mean particle diameter is 0.2-0.5 micrometers, and NiNb 
206 Full dissolution of the powder is first carried out by heat treatment. It grinds, the PNN-PT solid-solution powder 
whose mean particle diameter is 0.2-0.5 micrometers is produced, PT powder whose mean particle diameter is 0.1-0.3 
micrometers is added further again, and it calcinates under pressures, such as hotpress baking and hydrostatic-pressure 
baking (HIP) between heat. In order to produce the dielectric porcelain of this invention at this time, the heat treatment 
conditions for dissolution are made into the temperature of 800-900 degrees C, and the holding time is made into 1 - 3 
hours, and it is necessary to make the temperature of 700-900 degrees C, 50 or more MPas of pressures, and the holding 
time into 0.5 hours or more, and to make the conditions of pressurization baking into less than 10 hours from the point 
of the increment in a core shell particle number. 

[0026] It is because dissolution does not progress completely but the peak of the temperature characteristic by the PNN- 
PT solid solution becomes low, when the heat treatment temperature for dissolution is lower than 800 degrees C, or 
when the holding time is shorter than 1 hour. Moreover, since grain growth takes place while a pyrochlore phase 
appears and the peak of the temperature characteristic becomes low, when higher than the heat treatment temperature of 
900 degrees C, or when the holding time is longer than 3 hours, it is for the effectiveness of a next grinding stroke to 
fall. 

[0027] It is because sintering becomes insufficient and the ingredient of high specific inductive capacity is not obtained, 
the case where the temperature of pressurization baking is lower than 700 degrees C, when firing time is shorter than 0.5 
hours, and when a pressure is lower than 50MPa(s). Moreover, it is because dissolution of the PNN-PT solid solution 
and PT added later progresses too much and the temperature characteristic of specific inductive capacity worsens, when 
burning temperature is higher than 900 degrees C, or when firing time is long. 

[0028] As other gestalten of the dielectric porcelain of gestalt 2 this invention, they are [(1-b) (1-a) Pb(Mgl / 3 Nb 2/3) 
03 and aPb(nickell / 3 Nb 2/3) 03] and bPbTi03 about the empirical formula by the mole ratio of the whole porcelain. 
When expressed, a has 0.05 to 0.45, and the thing of 0.10-0.30 has b. 

[0029] As shown in d rawin g 1 , a perovskite mold crystal grain child needs to have the so-called core shell structure, 
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and the dielectric porcelain of this gestalt also needs to have the core shell (Ti exists mainly in the shell section) 
structure in which PT dissolved imperfectly in PMN-PNN which dissolved completely. That is, PT concentration in the 
shell section is higher than the core section. The dissolution conditions of PMN-PNN and PT in the shell section differ 
for every particle in many cases. 

[0030] The core section may mainly consist of the solid solution of PMN and PNN, and the element of Ti or others may 
carry out minute amount dissolution. The shell section may consist of PMN and the solid solution of PNN and PT, and 
other elements may carry out minute amount dissolution. A metallic element Ti hardly exists in the core section, but 
exists in it densely at the shell section. 

[003 1 ] With the dielectric porcelain of this invention, the particle PMN, and PNN and PT carried out [ the particle ] full 
dissolution may exist. Especially the particle that carried out full dissolution has many cases of a particle. 
[0032] As for especially the dielectric porcelain of this invention, for a mechanical strength and the improvement in 
dependability, it is desirable for relative density to be 97% or more 95% or more. 

[0033] Moreover, the dielectric porcelain of this invention is [(1-b) (1-a) Pb(Mgl / 3 Nb 2/3) 03 and aPb(nickell / 3 Nb 
2/3) 03] and bPbTi03 about the empirical formula by the mole ratio of the whole porcelain. When expressed, it is 
desirable for a to be 0.05 to 0.45, and for b to be 0.10-0.30. When fewer than 0.05, the peak of the temperature 
characteristic curve according [ a ] to PMN-PNN moves this to a low temperature side too much. It is for a to move to 
an elevated-temperature side too much, in [ than 0.45 ] more. Moreover, it is for the peak of the temperature 
characteristic curve according [ b ] to PMN-PNN-PT to move to a low temperature side too much, in being fewer than 
0.10, and for b to move to an elevated-temperature side too much, in [ than 0.30 ] more, and, in any case, the 
improvement effectiveness of the temperature characteristic of specific inductive capacity is because it is small. 
[0034] The PMN powder whose mean particle diameter is 0.2-0.5 micrometers in order to manufacture the dielectric 
porcelain of this invention, PNN powder or PbO powder, and NiNb 206 Full dissolution of the powder is first carried 
out by heat treatment, it grinds, the PMN-PNN solid-solution powder whose mean particle diameter is 0.2-0.5 
micrometers is produced, and it calcinates under pressures, such as hotpress baking and hydrostatic-pressure baking 
(HIP) between heat, further with PT powder whose mean particle diameter is 0.1-0.3 micrometers. In order to produce 
the dielectric porcelain of this invention at this time, the heat treatment conditions for dissolution are made into the 
temperature of 800-900 degrees C, and the holding time is made into 3 hours from 1 hour, and it is necessary to make 
the temperature of 700-900 degrees C, 50 or more MP as of pressures, and the holding time into 0.5 hours or more, and 
to make the conditions of pressurization baking into less than 10 hours from the point of the increment in a core shell 
particle number. 

[0035] It is because dissolution does not progress completely but the peak of the temperature characteristic by the PMN- 
PNN solid solution becomes low, when the heat treatment temperature for dissolution is lower than 800 degrees C, or 
when the holding time is shorter than 1 hour. Moreover, since grain growth takes place while a pyrochlore phase 
appears and the peak of the temperature characteristic becomes low, when higher than the heat treatment temperature of 
900 degrees C, or when the holding time is longer than 3 hours, it is for the effectiveness of a next grinding stroke to 
fall. 

[0036] It is because sintering becomes insufficient and the ingredient of high specific inductive capacity is not obtained, 

the case where the temperature of pressurization baking is lower than 700 degrees C, when firing time is shorter than 0.5 

hours, and when a pressure is lower than 50MPa(s). Moreover, it is because dissolution of the PMN-PNN solid solution 

and PT progresses too much and the temperature characteristic of specific inductive capacity worsens, when burning 

temperature is higher than 900 degrees C, or when firing time is long. 

[0037] 

[Example] 

The PbO powder (particle size of 0.2 micrometers) of example 1 marketing, and commercial NiNb 206 It mixes so that 
it may become the value x indicates powder (particle size of 0.15 micrometers), and commercial PT powder (particle 
size of 0.1 micrometers) to be to Table 1 in empirical formula (1-x) PNN-xPT by the mole ratio, and it is Zr02. It mixed 
with the ball mill using a ball. 

[0038] It heat-treated by the temperature and time amount which put in this mixed powder into an alumina crucible, 
cover with an alumina plate, and are shown in Table 1 , and the perfect solid-solution powder of PNN and PT was 
produced. Empirical formula by the mole ratio after carrying out coarse grinding of the obtained perfect solid-solution 
powder with an alumina mortar (1-y (1-x)) (PNN-xPT) - Commercial PT (particle size of 0.1 micrometers) is again 
added so that y may become the value shown in Table 1 in yPT, and it is Zr02. The ball mill using a ball performed 
preferential grinding. 

[0039] Press forming of this mixed powder was carried out by pressure 980MPa, and the disc-like Plastic solid with a 
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thickness [ of about 2mm ] and a diameter of about 10mm was acquired. Next, hotpress processing was carried out by 
the temperature which shows this Plastic solid in Table 1 in atmospheric air, the pressure, and time amount. Thus, the 
obtained sintered compact was made into the sample. 

[0040] The porcelain consistency was measured by the Archimedes method and it expressed with relative density. Mean 
particle diameter and a consistency were shown in Table 2. moreover, the place which observed the cross section of the 
obtained sintered compact with the scanning electron microscope (SEM) - the shape of crystal form « abbreviation - it 
was spherical. Moreover, it asked for the diameter of average crystal grain by the intercepting method. 
[0041] Moreover, when X diffraction measurement (XRD) analyzed each sample, the peak of a perovskite mold oxide 
was checked for all. Moreover, by the sample of this invention, it turned out that the peak has breadth by the side 
whenever [ angle-of-elevation / of a XRD spectrum ], and the peak from the various crystals with which lattice 
constants differ very only has lapped, sample No. of Table 1 - 3, 9, and the X diffraction measurement result of PMN 
were shown in drawing 2 . 

[0042] With a transmission electron microscope (TEM) and the energy-dispersive-X-ray-spectroscopy equipment 
(EDX) of attachment in TEM, the crystal grain child checked whether it would have the core shell structure where the 
core section and the shell section consist of the PNN-PT solid solution from which Ti concentration differs, and the 
result was indicated to Table 2. Furthermore, as for this observation, PT concentration of the shell section is higher than 
the core section (Ti existing mostly), PT concentration varies for every particle and the core section and the shell section 
showed that particle size was [ the whole particle ] the PNN-PT solid solution by the particle 0.05 micrometers or less. 
Since a domain was looked at by the light field image, the shell section was the usual ferroelectric, and since the 
superlattice peak was observed by the electron diffraction pattern, it turned out that the core section is a relaxer 
ferroelectric. However, with an ingredient with the whole low PT concentration, the shell section may also become a 
relaxer ferroelectric. 

[0043] Furthermore, evaluation of dielectric characteristics applied the In-Ga paste to the vertical side of the above- 
mentioned sample, was used as the electrode, and measured various dielectric characteristics. An LCR meter performs 
measurement and they are f= 1kHz of test frequencies, and applied-voltage 1 Vrms. It carried out. The rate of change of 
the specific inductive capacity in the temperature requirement from -55 degrees C to 150 degrees C was measured to the 
specific inductive capacity in a room temperature, and a pan. 

[0044] The rate TCC of a temperature change of specific inductive capacity (%) is KT about the specific inductive 
capacity of T degrees C. When it carried out and specific inductive capacity of 25 degrees C was set to K25, it asked by 
x(KT-K25) 100 / K25. The specific inductive capacity in 25 degrees C and specific inductive capacity (-25 degrees C 
and 85 degrees C) of the rate of a temperature change were indicated to Table 2, and the rate of a temperature change of 
the specific inductive capacity of sample No.3 (%) was indicated to drawing 3 . The result of PMN was also shown in 
drawing 3 . In PMN, although specific inductive capacity is high, it is understood that the temperature characteristic is 
bad. 
[0045] 
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0.94 


98.9 
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_o C 
o. 9 




5 


m 


0.23 


95.5 


3564 


+2.3 


-15.6 


6 




0.46 


95.4 


3892 


-L3 


-5.1 


7 


m 


0.32 


96.3 


4265 


-2.5 


-10.4 


8 




0.58 


95. 1 


4619 


-5.1 


+1,3 


* 9 


m 


1.84 


99. 1 


9518 


-6U2 


-41.8 



[0047] As Table l, Table 2 and drawin g l thru/or drawin g 3 show, a porcelain consistency is 95% or more, and the 
mean particle diameter of a crystal of the sample of this invention produced by hotpress processing under certain 
conditions is 0.2- 1 .0 micrometers. Furthermore, it has a with a specific inductive capacity of 3500 or more high 
dielectric constant, and to the rates of a temperature change of the specific inductive capacity in the temperature 
requirement from -25 degrees C to 85 degrees C being less than +10% and less than -20%, in the example of a 
comparison, although specific inductive capacity is very a high dielectric constant about in 9500, specific inductive 
capacity (-25 degrees C and 85 degrees C) of the rates of a temperature change are -61.2% and -41.8%, respectively, 
and it turns out that they are large. And in this constituent, maximum with a rate of change of -25 degrees C - 85 degrees 
C of the minimum value was as large as about -70% about +40%. 

[0048] The PMN powder (particle size of 0.2 micrometers) of example 2 marketing, commercial PbO powder (particle 
size of 0.2 micrometers), and commercial NiNb 206 It mixed so that it might become the value a indicates powder 
(particle size of 0.15 micrometers) to be to Table 3 in empirical formula (1-a) PMN-aPNN by the mole ratio, and it 
mixed with the ball mill using Zr02 ball. 

[0049] It heat-treated by the temperature and time amount which put in this mixed powder into an alumina crucible, 
cover with an alumina plate, and are shown in Table 3, and the perfect solid-solution powder of PMN and PNN was 
produced. 

[0050] Empirical formula by the mole ratio after carrying out coarse grinding of the obtained perfect solid-solution 
powder with an alumina mortar (1-b (1-a)) (PMN-aPNN) - Commercial PT (particle size of 0.1 micrometers) is added 
so that b may become the value shown in Table 3 in bPT, and it is Zr02. The ball mill using a ball performed 
preferential grinding. 

[0051] Press forming of this mixed powder was carried out by pressure 980MPa, and the disc-like Plastic solid with a 
thickness [ of about 2mm ] and a diameter of about 10mm was acquired. Next, hotpress processing was carried out by 
the temperature which shows this Plastic solid in Table 3 in atmospheric air, the pressure, and time amount. Thus, the 
obtained sintered compact was made into the sample. 

[0052] The porcelain consistency was measured by the Archimedes method and it expressed with relative density. Mean 
particle diameter and a consistency were shown in Table 4. moreover, the place which observed the cross section of the 
obtained sintered compact with the scanning electron microscope (SEM) - the shape of crystal form - abbreviation - it 
was spherical. Moreover, it asked for the diameter of average crystal grain by the intercepting method. 
[0053] Moreover, when X diffraction measurement (XRD) analyzed each sample, the peak of a perovskite mold oxide 
was checked for all. Moreover, by the sample of this invention, it turned out that the peak has breadth by the side 
whenever [ angle-of-elevation / of a XRD spectrum ], and the peak from the various crystals with which lattice 
constants differ very only has lapped, sample No. of Table 3-11,18, and the X diffraction measurement result of PMN 
were shown in d rawin g 4 . 

[0054] With a transmission electron microscope (TEM) and the energy-dispersive-X-ray-spectroscopy equipment 
(EDX) of attachment in TEM, the PMN-PNN solid solution and the shell section checked whether it would have the 
core shell structure which consists of the PMN-PNN-PT solid solution, and the crystal grain child indicated [ the core 
section ] the result to Table 4. Furthermore, PT concentration of the shell section varies for every particle, and this 
observation showed that particle size was [ the whole particle ] the PMN-PNN-PT solid solution by the particle 0.05 
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micrometers or less. Since the superlattice peak was observed by the electron diffraction pattern, the core section and 
the shell section were found by that it is a relaxer ferroelectric. However, with an ingredient with the whole high PT 
concentration, the shell section may become the usual ferroelectric which has a ferroelectric domain. 
[0055] Furthermore, evaluation of dielectric characteristics applied the In-Ga paste to the vertical side of the above- 
mentioned sample, was used as the electrode, and measured various dielectric characteristics. An LCR meter performs 
measurement and they are f= 1kHz of test frequencies, and applied-voltage 1 Vrms. It carried out. The rate of change of 
the specific inductive capacity in the temperature requirement from -55 degrees C to 1 50 degrees C was measured to the 
specific inductive capacity in a room temperature, and a pan. 

[0056] The rate TCC of a temperature change of specific inductive capacity (%) is KT about the specific inductive 
capacity of T degrees C. When it carried out and specific inductive capacity of 25 degrees C was set to K25, it asked by 
x(KT-K25) 100 / K25. The specific inductive capacity in 25 degrees C and specific inductive capacity (-25 degrees C 
and 85 degrees C) of the rate of a temperature change were indicated to Table 4, and the rate of a temperature change of 
the specific inductive capacity of sample No.l 1 (%) was indicated to drawin g 5 . The result of PMN was also shown in 
drawing 5 . Although PMN is high specific inductive capacity, it is understood that the temperature characteristic is bad. 



[0057] 
Table 3] 
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[0058] 
Table 41 











251C-OCD 




No. 






fftift 


JtB*» 








mm 




% 




-25 TC 


85 r 


10 


*r 


0. 23 


95.1 


4513 


+0.2 


-8. 1 


LI 




0. 42 


96.3 


4638 


-5.3 


+2.5 


12 




0.58 


98.5 


4054 


-9.8 


+11.4 


13 




0. 98 


99. 1 


5266 


+4.8 


+10.7 


14 


* 


0. 27 


95.3 


5925 


-2.3 


+5.3 


15 


M 


0. 52 


95.1 


6438 


-21.3 


+0.8 


16 


M 


0.31 
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95.5 
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+3. 1 
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1.99 
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13501 
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[0059] As Table 3, Table 4 and drawing 4 thru/or drawing 5 show, a porcelain consistency is 95% or more, and the 
mean particle diameter of a crystal of the sample of this invention produced by hotpress processing under certain 
conditions is 0.2-1.0 micrometers. It has a with a specific inductive capacity of 3500 or more high dielectric constant. 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



7/28/2004 



Page 8 of 8 



Furthermore, moreover, the rate of a temperature change of the specific inductive capacity in the temperature 
requirement from -25 degrees C to 85 degrees C + To being less than 15% and less than -25%, in the example of a 
comparison, although specific inductive capacity is very a high dielectric constant, about with 13000 - The rates of a 
temperature change of the specific inductive capacity in a temperature requirement (25 degrees C and 85 degrees C) 
were -80.3% and -62.8%, respectively, and, moreover, the minimum value of maximum with a rate [ of a temperature 
change ] of -25 degrees C - 85 degrees C was as large as about -80% about +60%. 
[0060] 

[Effect of the Invention] As explained in full detail above, although a perovskite mold crystal grain child's mean particle 
diameter is as small as 0.2-1 .0 micrometers, the dielectric porcelain of this invention has high specific inductive 
capacity, and since it has core shell structure, the temperature characteristic is excellent, and it can be widely applied to 
electronic parts, such as a stacked type ceramic condenser. 
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damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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